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® Luciferase. 



© There is disclosed a luciferase having specified properties, especially originated from Luciofa lateralis. 
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LUCIFERASE 



BACKGROUND OF THE INVENTION 



FIELD OF THE INVENTION AND RELATED ART STATEMENT 

5 

This invention relates to a luciferase which catalizes the oxydation of luciferin by an oxygen molecule. 
Since luciferase derived from Luciola lateralis is unstable, its purification has heretofore been 
unsuccessful [Tanpakushitsu Kakusan Koso (Protein, Nucleic Acid, Enzyme) Vol. 32, No. 10, p. 44-59, 
io particularly p. 47 (p. 1234-1249, particularly p. 1237), (1987)]. 

Luciferases are very effectively usable, for example, for quantitating ATP. 



SUMMARY OF THE INVENTION 

is 

The present invention is intended to provide luciferase derived from Luciola lateralis. 

in consideration of the conditions described above, the present inventors earnestly investigated and 
consequently succeeded in isolating luciferase from the posterior portion of Luciola lateralis, whereby the 
present invention has been accomplished. 
20 That is, the present invention is a luciferase having the following physico-chemical properties: 



® Action 

25 The luciferase is an enzyme which catalyzes the oxidation of luciferin by an oxygen molecule, as shown 
by the enzymic reaction formula: 
Luciferin + ATP + 0 2 -* 

Oxyluciferin + AMP + Pyrophosphoric acid + CO2 + light 

30 

® Substrate specificity 

The luciferase does not act on ADP, OTP, UTP and GTP. 

35 

©Optimum pH, and pH range for stability 

The optimum pH is 7.5 - 9.5 when luciferin is used as a substrate (see Fig. 1). 
The stable pH range of the enzyme is 6.0 -10.5 (see Fig. 2). 

40 

@Range of temperature suitable for action 0* - 50* C 



45 ©Conditions of inactivation by pH, temperature, etc. 

At pH'S of 5.0 or lower and 12.0 or higher, the luciferase is completely inactivated after 4 hours' 
exposures under such a condition as mentioned above. 

At pH 7.8, the luciferase is completely inactivated by heat treatment at a temperature of 55 *C for 15 
50 minutes. 



©Thermal stability 

After being treated at a temperature of 40 °C for 

2 



15 minutes, the luciferase has a residual enzymic 
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activity of 78.3%. Even after being treated at a temperature of 50 *C for 8 minutes, the iuciferase has a 
residual enzymic activity of 6%. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a graph showing the optimum pH region of the enzyme of the present invention, and Fig. 2 
is a graph showing the pH range for stability of the enzyme of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
The present invention is explained below in detail. 

First, physico-chemicai properties of the present enzyme are described below. 



The enzyme catalyzes the oxidation of luciferin by an oxygen molecule, as shown by the enzymic 
reaction formula: 



Luciferin + ATP + O2 ^ 

Oxyluciferin + AMP + Pyrophosphqric acid + CO2 + light 



©Substrate specificity 

The enzyme does not act on ADP, CTP, UTP and GTP. 



©Optimum pH, and pH range for stability 

The optimum pH is, as shown in Fig. 1, 7.5 - 9.5 as measured by carrying out the reaction by the use 
of luciferin as a substrate at various pH'S of 25 mM glycylgiycine buffer solution of 6.5 to 1 1 .5 and at a 
temperature of 30 *C, and measuring the quantity of light (the number of photons) emitted in 20 seconds. 
The stable pH range of the enzyme is, as shown in Fig. 2, 6.0 - 10.5 as measured by adding the enzyme to 
each of buffer solutions [25 mM phosphate buffer solutions (pH 4.6 - 8.0) and 25 mM glycine'sodium 
chloride-sodium hydroxide buffer solutions (pH 8.0 - 11.5), each of which contains ammonium sulfate to 
10% saturation] containing luciferin, and allowing the enzyme to act at a temperature of 0° C for 4 hours. In 
Fig. 2, •-• and A-A show the activity in the case of using the 25 mM phosphate buffer solutions and the 
activity in the case of using the 25 mM glycine* sodium chioride-sodium hydroxide buffer solutions, 
respectively. 



® Measurement of titer 

A luciferin mixed solution is prepared by mixing 8 ml, of 25 mM glycylgiycine buffer solution (pH 7.8), 
0.5 ml of a magnesium sulfate solution [a solution prepared by adding magnesium sulfate to 25 mM 
glycylgiycine buffer solution (pH 7.8) to a magnesium sulfate concentration of 0.1 M] and 0.8 ml of a 
luciferin solution [a solution prepared by adding luciferin to 25 mM glycylgiycine buffer solution (pH 7.8) to 
a luciferin concentration of 1 mM]. 

Into a mixture of 400 ul of the luciferin mixed solution thus obtained and 10 Hi of Iuciferase to be 



©Action 



Present enzyme 
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assayed is poured 80 ul of an ATP solution [a solution prepared by adding ATP to 25 mM giycylgiycine 
buffer solution (pH 7.8) to an ATP concentration of 10 mM]. Simultaneously with the pouring, the number of 
photons generated is measured by adding up for 20 seconds by means of a luminometer 
(LUMINESCENCE READER BLR-201, mfd. by ALOKA CO., LTD.). 

5 

©Range of temperature suitable for action 

When the reaction is carried out at pH 7.8 and at each temperature and the quantity of light (the 
io number of photons) emitted in 20 seconds is measured, the suitable temperature for action ranges from 0* 
to 50" C. 



©Conditions of inactivation by pH, temperature, etc. 

75 

(a) Conditions of inactivation by pH 

At pH'S of 5.0 or lower and 12.0 or higher, the enzyme is completely inactivated after 4 hours. 

20 

(b) Conditions of inactivation by temperature 

At pH 7.8, the enzyme is completely inactivated by heat treatment at a temperature of 55* C for 15 
25 minutes. 

©Heat resistance 

30 After 100 at of a solution [60 mM phosphate buffer solution (pH 7.5) containing 10% (V/V) ethylene 
glycol, 0.1 M NaCI and 0.2% (WW) albumin] containing 100K count of a purified preparation of the enzyme 
was maintained at a temperature of 40 *C for each of 15, 30 and 60 minutes, the residual enzymic activity 
was measured. The results obtained are shown in Table 1. 

For comparison, in Table 1 are also shown the results of measuring the residual activities of lucif erases 

35 of Luciola cruciata and Photinus pyralis in the same manner as described above. 



Table 1 



40 


"N. Kind of 
\vlucif erase 

Maintenance^^ 
time (min) 


Residual activity of luciferase (%} 


45 


Luciola 
lateralis 
(the 
invention) 


Luciola 
cruciata 
( reference) 


Photinus 
pyralis 
( reference) 




15 


78.3 


38.8 


33.7 


50 


30 


70.6 


19.5 


19.0 




60 


48.2 


5.3 


6.0 



55 

It can be seen that as is clear from Table 1 , the present invention is a luciferase which is much superior 
to the reference luciferases in heat resistance. 

Next a concrete means for preparing the present enzyme is described below. 



4 



EP 0 337 349 A2 



For preparing the present enzyme, any method may be employed. For example, the following method 
can be exemplified. 

As Luciola lateralis used in the present invention, there may be used any of that collected from the 
natural world, that artificially cultivated, etc. Since a large amount of luciferase exists in the posterior portion 
5 of Luciola lateralis, said posterior portion is suitable as a source from which luciferase is separated. 
Luciola lateralis is added to a buffer solution and ground to obtain a ground product 
As the buffer solution, any one can be used so long as it does not inactivate luciferase, and there may 
be exemplified, for example, solutions prepared by adding ammonium sulfate to each of tris(hydroxy)- 
aminomethane-hydrochloric acid buffer solutions, glycine 'sodium chioride-sodium hydroxide buffer solu- 
/o tions, phosphate buffer solutions, etc. to 10% saturation. 

As the means for the grinding, there may be exemplified, for example, a method using a mortar and a 
pestle, and methods using a homogenizer, a Waring blender, a French press, or the like. 

Subsequently, the residue is removed from the ground product by usual centrifugation, filtration, or the 
like to obtain a crude enzyme solution. If necessary, the crude enzyme is treated by a method properly 
15 selected from freeze-drying, alcohol precipitation, acetone precipitation, etc., to obtain crude enzyme 
powder. 

A purified enzyme preparation can be obtained from the crude enzyme solution or the crude enzyme 
powder by a combination of methods properly selected from the group consisting of, for example, gel 
filtration methods using Sephadex, Ultrogel, Bio-Gel, etc.; adsorption-and-elution methods using ion ex- 
20 changers; electrophoretic methods using poiyacryfamide gels, etc.; adsorption-and-elution methods using 
hydroxyapatite; sedimentation methods such as sucrose gradient centrifugation, and the like; affinity 
chromatographic methods; and fractionation methods using a molecular sieve membrane, a hollow-fiber 
membrane, etc. 

25 

EXAMPLE 

The present invention is further illustrated with the following example. 

30 

Example « 

To 25 mM tris(hydroxy)aminomethane-hydrochloric acid buffer was added 1 mM disodium 
ethylenediaminetetraacetate and 2 mM phenylmethylsulfonyl. fluoride, followed by adding thereto ammo- 

35 nium sulfate to 10% saturation. To 15 ml of the mixed solution (pH 7.8) thus obtained was added the 
posterior portions of 200 insects (Luciola lateralis) (purchased from Seibu Department Store Co., Ltd.), and 
destroyed by means of PHYSCOTRON (mfd. by NITI-ON Medical and Physical Instrument Manufacturing 
Company LTD.). The liquid thus obtained was centrifuged at 12,000 r.p.m. for 20 minutes to obtain 14.5 ml 
of a supernatant (a crude enzyme solution). 

40 The crude enzyme solution thus obtained was subjected to saiting-out by the use of ammonium sulfate 
by a conventional method, and the precipitate formed at 30 to 70% saturation as centrifuged at 30,000 
r.p.m. for 10 minutes. The resulting precipitate was dissolved in a 25 mM mixed solution [a solution (pH 7.8) 
prepared by adding 1 mM disodium ethylenediaminetetraacetate and ammonium sulfate in such an amount 
that 10% saturation therewith was effected, to a small amount of 25 mM tris(hydroxy)aminornethane- 

45 hydrochloric acid buffer] to obtain a solution. 

Subsequently, this solution was subjected to gei filtration chromatography by passing the same through 
an Ultrogel AcA 34 (mfd. by Pharmacia K.K.) column equilibrated with the above 25 mM mixed solution, to 
obtain an activity fraction. 

The fraction thus obtained was diaiyzed against a phosphate buffer solution [a buffer solution prepared 
so by adding 0.1 M sodium chloride and 10% (V/V) of ethylene glycol to a 10 mM sodium 
hydrogenphosphate-sodium dihydrogenphosphate solution]. The diaiyzed solution was adsorbed on a 
hydroxyapatite HPLC (TSK gel HA-1000, mfd. by Toyo Soda Mfg. Co., Ltd.) column equilibrated with 10 
mM phosphate buffer, and linear gradient elution with phosphate buffer solutions (pH 7.5) ranging in 
concentration from 10 to 100 mM was carried out to obtain 180 ul (enzymic activity: 2.4 x 10 2 K count) of 
55 a purified luciferase activity fraction derived from Luciola lateralis. 
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Claims 

1. A luciferase having the following physico-chemical properties: 
5 ©Action 

Said luciferase is an enzyme which catalyzes the -oxidation of luciferin by an oxygen molecule, as shown by 
the enzymic reaction formula: 
Luciferin + ATP + O2 -* 
10 Oxyluciferin + AMP + Pyrophosphoric acid + CO2 + tight 

©Substrate specificity 

Said luciferase does not act on ADP, CTP f UTP and GTP. 

T5 

©Optimum pH, and pH range for stability 

The optimum pH is 7.5 to 9.5 when luciferin is used as a substrate. The stable pH range is 6.0 to 10.5. 
20 @Range of temperature suitable for action 
0" - 50 - C 

©Conditions of inactivation by pH, temperature, etc. 

25 

At pH'S of 5.0 or lower and 12.0 or higher, said luciferase is completely inactivated when it is exposed to 
such a condition for 4 hours. 

At pH 7.8, said luciferase is completely inactivated by heat treatment at a temperature of 55 *C for 15 
minutes. 

30 

©Thermal stability 

After being treated at a temperature of 40° C for 15 minutes, said luciferase has a residual enzymic 
activity of 78.3%. Even after being treated at a temperature of 50* C for 8 minutes, said luciferase has a 
35 residual enzymic activity of 6%. 

2. The luciferase according to Claim 1, which is derived from Lucioia lateralis. 
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